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TITLE OF THE INVENTION 
REFLECTIVE TYPE LIQUID CRYSTAL DISPLAY DEVICE AND 
MANUFACTURE METHOD THEREOF 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to a reflective type liquid 
crystal display device provided with a display electrode made 
of a reflective material. 
DESCRIPTION OF THE RELATED ART 

A reflective type liquid crystal display device has been 
proposed wherein a display is observed by light reflected 
incident from the observation direction. 

Fig. 2 shows a sectional view of such a conventional 
reflective type liquid crystal display device. 

As shown in Fig. 2, the conventional reflective type 
liquid crystal display device comprises an insulating 
substrate 10 having a thin film transistor (hereinafter 
referred to as TFT) or another switching element, an aluminum 
(Al) display electrode 18 connected to the TFT , and an 
orientation film 22a for covering these components formed 
thereon, and an opposite electrode substrate 20 having an 
opposite electrode 21, and an orientation film 22b for 
covering the electrode 21 formed thereon. The substrates 
oppose each other across a void; the orientation films 22a, 
22b are bonded together by an adhesive seal agent 23; and the 
void is filled with a liquid crystal material such as twisted 



nematic liquid crystal (TN liquid crystal) 30. Moreover, a 
polarization plate 24 is provided on the side of an observer 
100 outside the liquid crystal display device. 

Natural light 40 from the outside is incident upon the 
polarization plate 24 on the side of the observer 100. The 
light is transmitted through the opposite electrode substrate 
20, the opposite electrode 21, the orientation film 22b, the 
TN liquid crystal 30, and the orientation film 22a on the TFT 
substrate 10, and then reflected by the display electrode 18, 
transmitted through the layers in a direction reverse to the 
incident direction, and emitted via the polarization plate 24 
on the opposite electrode substrate 20 to enter the observer' 
eyes 100. 

However, since the aforementioned display electrode is 
formed by depositing and patterning Al by a sputtering proces 
protrusions are generated on a display electrode surface 
during the formation by sputtering. Protrusions are also 
generated on the display electrode surface by heat treatment 
after the sputtering. Therefore, drawbacks result in that a 
mirror-surface reflectance is lowered and that a bright 
display on which external light is sufficiently reflected 
cannot be obtained. 

SUMMARY OF THE INVENTION 
In the present invention, a back-surface electrode is 
formed on a back surface of a display electrode in a 
reflective type liquid crystal display device. Because 



protrusions cannot easily form on the surface of the display 
electrode due to the presence of the back-surface electrode, 
the mirror-surface reflectance of the display electrode is 
enhanced, and a brighter display can be obtained. 
5 Molybdenum, titanium, or another high melting point metal 

are especially preferable for the back-surface electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a sectional view of one display pixel section 
ffl) of a reflective type liquid crystal display device according 
W to the present invention. 

=P Fig. 2 is a schematic sectional view of a conventional 

ifl reflective type liquid crystal display device. 

^5 DESCRIPTION OF THE PREFERRED EMBODIMENT 

n A reflective type liquid crystal display device according 

5 to the present invention will be described hereinafter. 

Fig. 1 shows a sectional view of one display pixel of the 
reflective type liquid crystal display device of the present 
20 invention . 

As shown in Fig. 1, a gate electrode 11 formed of Cr or 
another metal is formed on glass or another insulating 
substrate 10, and an active layer 14 constituted of 
polycrystalline silicon is formed via a gate insulating film 
25 12 constituted of Si0 2 or another insulating film provided on 
the gate electrode 11. A stopper 13 made of Si0 2 or another 
insulating film is formed on the active layer 14 and, using 
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the stopper 13 as a mask, impurities are injected to the 
active layer 14 to form a source 14s and a drain 14d. A 
portion masked by the stopper 13 forms a channel 14c. An 
inter-layer insulating film 15 is formed on the stopper 13 , 
5 the active layer 14 and the gate insulating film 12. A 

contact hole is formed at a position corresponding to the 
drain 14d of the inter-layer insulating film 15 and a drain 
electrode 16 is connected through this hole. 

A flattening insulating film 17 is then formed on the 
10 inter-layer insulating film 15 and the drain electrode 16, and 
a contact hole is formed in a position corresponding to the 
source 14s in the inter-layer insulating film 15 and the 
flattening insulating film 17. 

Approximately 1000 angstroms of molybdenum (Mo) is 
J.5 deposited in the contact hole and on the flattening 
>~ insulating film 17 by a sputtering process, and thereupon 

approximately 2000 angstroms of Al is similarly deposited by 
the sputtering process. Thereafter, a resist pattern for 
forming a display electrode 18 is formed on the Al, and the Al 
20 and Mo are etched in sequence, so that the display electrode 
18 constituted of Al, and a back-surface electrode 41 having 
the same shape as the display electrode 18 and constituted of 
Mo is formed. In this case, a part of the back-surface 
electrode 41 is extended to the source 14s via the contact 
25 hole formed in the position corresponding to the source 14s of 
the flattening insulating film 17 and the inter-layer 
insulating film 15. The back-surface electrode 41 also abuts 
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the back surface of the surface electrode 18 by its entire 
surface. Therefore, the display electrode 18 also functions 
as a source electrode. The insulating substrate 10 with TFT 
formed thereon, i.e., the TFT substrate 10, is completed in 
5 this manner. 

As shown by the dotted line in Fig. 1, natural light 40 
transmitted from the outside follows a course wherein it 
strikes a polarization plate 24 from the side of an observer 
100; is transmitted through an opposite electrode substrate 20, 

10 an opposite electrode 21, an orientation film 22b, a liquid 
crystal 30, and an orientation film 22a on the TFT substrate 
10? and is then reflected by the display electrode 18 made of 
Al. The light is subsequently transmitted through the layers 
in a direction reverse to the incident direction and emitted 

IS via the polarization plate 24 of the opposite electrode 
substrate 20 towards the observer's eyes 100. 

When the back-surface electrode 41 of a high melting 
point metal is provided on the back surface of the display 
electrode 18, the crystal grain diameter of the Al is reduced. 

20 As a result, stresses are suppressed and bumps do not easily 
generated on the surface. 

In addition to Mo and titanium (Ti)., tungsten (W) , 
tantalum (Ta), chromium (Cr), other high melting point metals, 
and alloys of the metals such as Mow and TiW can be used as 

25 the material of the back-surface electrode 41. Furthermore, 
Ti is of a hexagonal system. When Ti is used, it is well 
compatible with Al of a centroid cubic system in respect of a 
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crystal lattice structure. Since Al is formed on a crystal 
surface which is easily placed in (111) orientation state, 
protrusions or bumps do not easily generate on the surface. 

Moreover, a twisted nematic liquid crystal (TN liquid 
crystal) having a birefringence control mode and using a 
polarization plate can be used as the liquid crystal material. 

As described above, when Mo, Ti, or another high melting 
point metal is formed in the same shape as the display 
electrode on the back surface of the display electrode 18, and 
the display electrode 18 is sputtered /formed, protrusions are 
not easily generated on the surface even during subsequent 
heat treatment. Moreover, the mirror-surface reflectance of 
the display electrode made of Al is not lowered, and a 
reflective type liquid crystal display device realizing a 
bright display can be obtained. 

Furthermore, a thickness of the back-surface electrode 41 
may be in the range of 200 to 1500 angstroms to such a degree 
that no protrusions are generated on the display electrode 18. 

Moreover, while the use of a so-called bottom gate type 
TFT with TFT gate electrode formed under the active layer in 
the reflective type liquid crystal display device has been 
described, similar effects are obtained when the present 
invention is applied to a reflective type liquid crystal 
display device provided with a top gate type TFT in which the 
gate electrode is formed on the active layer. 

With the liquid crystal display device of the present 
invention, there can be provided a reflective type liquid 



crystal display device in which protrusions or bumps are not 
easily generated on the display electrode surface, the mirror- 
surface reflectance is enhanced, and a bright display is 
obtained. 
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WHAT IS CLAIMED IS: 



1. A reflective type liquid crystal display device on 
which display is created by reflecting light incident from the 
display observation side, comprising: 

a display electrode made of a reflective material for 
reflecting the incident light on a surface thereof; and 

a back-surface electrode disposed in contact with a back 
surface of the display electrode. 

2. The device according to claim 1, wherein 

said back-surface electrode is made of a high melting 
point metal. 

3. The device according to claim 2, wherein 
said display electrode is made of aluminum. 

4. The device according to claim 1, wherein 

said display electrode and the back-surface electrode are 
patterned into the same shape. 

5. The device according to claim 1, further comprising a 
transistor for controlling current to the display electrode, 
said back-surface electrode and the transistor being 
electrically interconnected. 

6. The device according to claim 5, wherein 



said transistor is a thin-film transistor which uses a 
polycrystalline silicon layer formed on a substrate as an 
active layer, and 

a part of the back-surface electrode is connected to said 
active layer via a contact hole. 

7. The device according to claim 6, wherein 

said back- surface electrode is made of a high melting 
point metal. 

8. A method of manufacturing a reflective type liquid 
crystal display device on which display is created by 
reflecting light incident from the display observation side, 
comprising: 

a step of forming a back-surface electrode layer; 

a step of forming a display electrode layer constituted 
of a reflective material on the back-surface electrode layer; 
and 

a step of patterning the formed back-surface electrode 
layer and the display electrode layer to form a surface 
electrode and a back-surface electrode in the same shape, 

to form a display electrode for reflecting the incident 
light by a surface thereof and the back-surface electrode 
disposed in contact with a back surface of the display 
electrode . 

9. The method according to claim 8, further comprising: 



a process of forming a thin film transistor as an active 
layer of polycrystalline silicon on a substrate; 

a step of forming an insulating film to cover the thin 
film transistor; and 

a step of forming a contact hole in the insulating film, 
wherein 

said back-surface electrode is formed on a smoothened 
film with said contact hole formed therein. 

10. The method according to claim 9, wherein 

said back-surface electrode is made of a high melting 
point metal. 

11. The method according to claim 10, wherein 

said high melting point metal is selected from the group 
consisting of molybdenum, titanium, tungsten, tantalum and 
chromium, or an alloy thereof. 
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ABSTRACT OF THE DISCLOSURE 



An active layer (14) which has a gate electrode (11), a 
gate insulating film (12), a source (14s) and a drain (14d) is 
formed on an insulating substrate (10), so that a thin film 
transistor is formed. On this, an inter-layer insulating film 
(15) and a flattening insulating film (17) are laminated. 
Subsequently, after a contact hole is formed in the inter- 
layer insulating film (15) and the flattening insulating film 
(17), a back-surface electrode (41) constituted of molybdenum 
or another high melting point metal is formed, on which a 
display electrode (18) constituted of aluminum is formed. The 
presence of the back-surface electrode (41) prevents 
protrusions from being generated on the display electrode (18). 
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Combined Declaration for Patent Application and Power of Attorney 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name; 

I believe that I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled 
REFLECTIVE TYPE LIQUID CRYSTAL DISPLAY DEVICE AND MANUFACTURE METHOD THEREOF 



the specifi cation of which 



(check 


X 


is attached hereto. 


one) 




was filed on 


as Application Serial No. 



and (if applicable) was amended on: 



I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this application in accordance with Title 
37, Code of Federal Regulations, § 1.56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, § 1 1 9 of any foreign application(s) for patent or 
inventor's certificate listed below and have also identified below any foreign application for patent or inventor's certificate 
having filing date before that of the application on which priority is claimed: 



Prior Foreign Application(s) 


Priority Claimed 


Hei 10-218192 

(Number) , 


Japan 

{Country)' 


31/July/1998 

(Day Month YearFiled) 


X | 

YES NO 


(Number)' 


• ■ (Country) 


(Day Month YearFiled) 


YES NO 


(NbRlkl) 


, (Country) 


(Day Montb YearFiled) 


YES NO 


(Number) 


(Country) . 


(Day Month YearFiled) 


YES NO 


iNimilK-n 


(Country)- ■ 


(Day Month YearFiled) ' 


YES NO 


(Nurriber) 


•{Country) ' 


(Day Month YearFiled) ■ 


YES NO 



I hereby claim the benefit under Title 35, United States Code, § 1 20 of any United States Application(s) listed below and , insofar 
as the subj ect matter of each of the claims of this application is not disclosed in the prior United States application in the manner 
provided by the first paragraph of Title 35, United States Code, §1 12, 1 acknowledge the duty to disclose material information as 
defined in Title 37, Code of Federal Regulation, §1. 56(a) which occurred between the filing date of the prior application and the 
national or PCT international filing date of this application: 



(Application Serial No.) 


iH in - 1 nui 


{Status- patented, oendins. abandoned) 




(FilinsDate) 


{Status- patented. Dendins. abandoned) 



I hereby appoint the following attorneys, with full power of substitution, association, and revocation, to prosecute this 
application and to transact all business in the Patent and Trademark Office connected herewith. 

Michael A. Cantor, Registration No. 31,152; Philmore H. Colburn II, Registration No. 35,101; Keith J. 

Murphy, Registration No. 33,979; Leah M. Reimer, Registration No. 39,341 and David A. Fox, Registration No. 

38,807; Matthew J. Patterson, Registration No. 41,244; Edward J. Ellis, Registration No. 40,389; Robert D. 

Crawford, Registration No. 38,119; Michael J. Rye, Registration No. 34,422; William J. Cass, Registration No. 

P41,659; Pamela J. Curbelo, Registration No. 34,676, Stepehen P. Scuderi, Registration No. 42,136; Andrew 

Ryan, Registration No. 43,070; Marylou J. Lavoie, Registration No. 36,194; James F. McLaughlin, Registration 

No. 38,048; Eliot Abolafia, Registration No. P43,456 and David S. Fishman, Registration No. 19,758. 
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Michael A. Cantor, Esq. 
Cantor Colburn LLP 
88 Day Hill Road 

Windsor, CT 06095, USA Telephone: (860) 688-4470 



I hereby further declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the application of any patent issued thereon. 
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